Despite its growing prevalence in China, the extent to which diabetes leads to excess cardiovascular disease (CVD) mortality and all-cause mortality is unclear.
few short-term studies of hospitalbased clinic patients (13, 14) . We present mortality data from Da Qing, China, comparing the incidence and causes of death in people who in 1986 had newly diagnosed diabetes (NDD) or normal glucose tolerance (NGT) and who were followed up for 23 years.
RESEARCH DESIGN AND METHODS
In 1986, the Da Qing IGT and Diabetes Study was conducted to determine the prevalence of diabetes and associated characteristics among residents of Da Qing, China, a city to which people from all areas of China had migrated since 1960 (15, 16) . In 1986, Da Qing had 281,589 residents aged 25-74 years who received health care in designated clinics located throughout the city. Residents assigned for care in half of these clinics were selected to be eligible for screening for diabetes. Plasma glucose levels were measured in 110,660 subjects (87.3% of the eligible study population; 55,391 men and 55,269 women) 2 h (65 min) after each had consumed a standardized breakfast consisting of a 100-g steamed bread bun containing ;80 g of carbohydrate. Those without previously diagnosed diabetes and with 2-h plasma glucose levels $6.7 mmol/L (n = 4,209) after the standard meal were invited to have a 75-g oral glucose tolerance test (OGTT), which included measurement of fasting and 2-h postload plasma glucose levels, and 3,956 participants (94.0%) received this test (15, 17) . Based on the OGTT results classified by 1985 World Health Organization (WHO) criteria (18), 630 participants (300 men and 330 women) were identified as having NDD (defined as 2-h plasma glucose level $11.1 mmol/L).
To determine the effect of diabetes on mortality, we compared death rates in the NDD group to those in a group of 519 people (282 men and 237 women) who had participated in the diabetes screening and had the 75-g OGTT but with NGT, defined as 2-h plasma glucose level ,6.7 mmol/L. From these subjects, the group with NGT was randomly selected, by frequency matching, to be of comparable sex, age-group, and size to that of the group with impaired glucose tolerance who subsequently participated in the Da Qing Diabetes Prevention Study (15, 19, 20) . The NGT group had the same baseline age range as the NDD group (25-74 years) but, on average, was somewhat younger.
All participants in the NDD and NGT groups received a baseline examination that included measurements of blood pressure, BMI, a 12-lead electrocardiogram, and plasma lipids. Details of the methods used have been published previously (15, 17) . Those with diabetes were informed of the diagnosis and referred to their local clinics for continuing medical care, during which most were treated with oral hypoglycemic agents or insulin.
In 2009, we conducted a follow-up study to determine mortality rates and causes of death among both groups of participants. Institutional review boards at WHO and the China-Japan Friendship Hospital approved the study. All surviving study participants and the proxies who served as informants for deceased participants gave written informed consent.
Data Collection
In 2009, we attempted to recontact each participant to determine their vital status. For deceased participants, a verbal autopsy was conducted by interviewing an informant to determine the date, place, and circumstances of death. The informant was also asked to provide information on hospitals, clinics, and physicians where the participant had received medical care around the time of death. The death certificates, medical records, and the informant interviews were reviewed and adjudicated independently by two physicians, blinded to the participant's 1986 glucose status, to determine the underlying cause of death. Disagreements were resolved by a third senior physician (19) (20) (21) .
Outcome Classification
We classified underlying causes of death as due to either CVD, which included coronary heart disease (CHD) (myocardial infarction, sudden death, or congestive heart failure) and stroke, or noncardiovascular causes (non-CVD), which included cancer, renal failure, infections, diabetes-related complications (diabetic ketoacidosis or hyperglycemic hyperosmolar coma), chronic obstructive pulmonary disease, cirrhosis, injury (traffic accidents or work-related injuries), and unknown.
Statistical Analyses
The follow-up period was from 1 January 1986 until date of death or 31
December 2009 for those still alive. For those lost to follow-up, the period was truncated to the date of last contact. Death rates and their 95% CIs are expressed as the number of deaths divided by the number of person-years at risk, and relative differences in rates between groups are shown as hazard ratios (HRs) and 95% CI. To control for the difference in age distribution between the NDD and NGT groups, rates and CIs were standardized to the age distribution in the NDD group calculated using the SAS STDRATE procedure. We used Cox proportional hazards regression to obtain the direct age-adjusted survival curve by averaging the estimated survival curves for the observations in the original data (22). Multivariable models adjusted for age, sex, and other CVD risk factors (BMI, blood pressure, smoking, plasma total cholesterol, and previous history of CVD) were used to determine the influence of these factors on allcause and CVD mortality rates using Cox proportional hazards models. We used the multiple imputation method to impute the missing values for total serum cholesterol. The imputation model included all dependent and independent variables of models in computing the missing values. Fifty sets of multiple imputed data were generated to provide an adequate level of reproducibility of the multiple imputation analysis (22). Differences were considered statistically significant if two-sided P values were ,0.05. Data management, multiple imputation, and analyses were performed using SAS version 9.4 (SAS, Cary, NC).
RESULTS
Vital status and cause of death were determined in 598 (94.9%) participants with NDD and 492 (94.8%) with NGT. At baseline, men and women with NDD were, on average, up to 5 years older than those with NGT (Table 1 and Supplementary Table 1 ). BMI and blood pressure were higher in those with NDD than in those with NGT. The proportion of smokers was much higher in men (59.0 and 67.3%) than in women (12.7 and 18.6%) . Figure 1A and B shows the ageadjusted cumulative incidence of deaths in the NDD and NGT groups according to sex and length of follow-up, which, in the NDD group, reflects duration of diabetes. The cumulative incidence rises more steeply in both men and women with NDD than in the NGT groups. The cumulative incidence of death in women with NGT is lower than in men, whereas in women with NDD, it approaches the levels seen in men with NDD. By the end of the 23-year follow-up, 338 (56.5%) with NDD and 100 (20.3%) who originally had NGT had died. Table 2 shows underlying causes of death and age-standardized death rates in the NGT and NDD groups by sex. The relative risk of death from all causes was three times as high in the NDD group as in those with NGT. The age-adjusted incidence of all-cause mortality averaged 36.9/1,000 person-years in the NDD vs. 13.3 in the NGT group (P , 0.0001) in men, and in women, the rates were 27.1 vs. 9.2/1,000 person-years, respectively (P , 0.0001).
CVD was the most common cause of death in the NDDs, accounting for 47.5% of deaths in men and 49.7% in women. The CVD mortality rates in the men and women with NDD (17.5 vs. 13.5/1,000 person-years) did not differ significantly. CHD accounted for 47.7% of the CVD deaths in men and 57.7% in women with NDD, and the age-standardized CHD mortality rates (8.4 in men vs. 7.8/1,000 person-years in women) were almost identical. In contrast, among those with NGT, CVD mortality rates were much lower (5.3 in men and 3.5/1,000 person-years in women). Stroke also accounted for a large proportion of CVD-related deaths in both men (52.3%) and women (42.3%) with diabetes. Age-adjusted mortality rates attributed to stroke in the NDD group, compared with their same-sex counterparts with NGT, were four times higher among men (9.2 vs. 2.0/1,000 personyears, P , 0.001) and twice as high among women (5.7 vs. 3.0/1,000 person-years, P , 0.05).
Some of the non-CVD causes of death also were more frequent in the NDD than in the NGT group. Most deaths attributed to renal failure (52/55; 94.5%) occurred in the NDD group, with a similar incidence among men and women (4.9 vs. 4.8/1,000 person-years). Deaths attributed primarily to infection occurred in 28 (4.7%) of the NDD group but in only 4 (0.8%) of the NGT group, with an incidence of 2.6 and 0.4/1,000 person-years, respectively (P , 0.001). Death from cancer occurred in 48 (8.0%) participants with NDD and 41 (8.3%) participants with NGT, with death rates per 1,000 person-years of 5.7 vs. 5.3 in men and 3.5 vs. 2.7 in women, respectively. After adjusting for differences in other risk factors (sex, BMI, and smoking), a small but nonsignificant increase in death rates due to cancer was seen among those with NDD (HR 1.2, P = 0.4).
To determine if the effect of diabetes on excess CVD mortality was attributable to diabetes itself, or if the excess could be explained by the presence of other risk factors, multivariable models were used to adjust for other potential cardiovascular risk factors. Table 3 shows adjusted HRs for all-cause and CVD deaths. After adjusting for age, sex, baseline BMI, systolic blood pressure (SBP), smoking, plasma total cholesterol, and previous history of CVD, the risk of death in those with NDD remained significantly higher than within the NGT group (HR 3.5 for CVD and 3.1 for all-cause deaths), and among women the HRs (HR 5.9 for CVD and 4.1 for all-cause deaths) were higher than among the men (HR 2.7 for CVD and 2.6 for all-cause deaths).
At the beginning of follow-up, both the NDD and NGT groups had a wide age range and those with NDD had large variations in age at diagnosis, and over the 23-year follow-up, age and duration of diabetes increased. To examine the influence of each of these factors (aging, age at onset of diabetes, and duration of diabetes) on the likelihood of death, we calculated age-specific and durationspecific death rates (Tables 4 and 5 ). All-cause and CVD mortality rates increased with age in the NGT and NDD groups, and in the group with NDD, they increased with time since diagnosis within each age-group (except those aged over 70 years with 15 or more years' duration). Age-adjusted all-cause death rates were four times and CVD death rates were seven times higher among those with a diabetes duration of 15 or more years than in those who had diabetes for ,5 years. Similar patterns were seen in both men and women (Supplementary Tables 2-5) . Thus, longer duration of diabetes, age of onset, and current age each contributed independently to the excess risk of death in those with diabetes. Death below 70 years of age occurred in 223 (66.0%) people with NDD who died compared with 55 people with NGT, with age-adjusted death rates of 20.9 vs. 5.6/1,000 person-years, respectively (P , 0.001) (Table 4) . Thus, diabetes was associated with more than a threefold increase in premature mortality, much of which was attributable to death from CVD, in this mainland Chinese population.
CONCLUSIONS
Although diabetes is a well-established risk factor for all-cause death and CVD death, few population-based studies have examined the risk for death in people with NDD who were followed over a long time period (12, (23) (24) (25) . This is the first study to do so in China. During the 23-year follow-up, .50% the participants with NDD died, and half of them died of CVD. However, only 20% of those with NGT died, of whom 37% died of CVD. The age-adjusted relative risk of death from all causes in those with diabetes was three times as high as in NGT. The differences in relative risk for all-cause death and CVD death remained significant and largely unchanged after controlling for baseline smoking status and other CVD risk factors. These results indicate that the excess mortality seen in the NDD group was largely due to the effect of diabetes and was not primarily attributable to differences in other cardiovascular risk factors in the NDD and NGT groups. Death rates in those with diabetes were higher in those with longer duration of diabetes within each agegroup, so that at any given age, the risk of death was greater among those who had an earlier age of onset. Consequently, delaying the onset of diabetes may reduce the likelihood of death, an observation that provides the basis and strong rationale for diabetes prevention programs. As predicted, the Da Qing Diabetes Prevention Study has recently shown that delaying the onset of diabetes does indeed reduce CVD and allcause mortality (21) .
In China, as in most countries, mortality rates, especially CVD mortality, are higher in men than women. In Western countries, CVD risk among women with diabetes is disproportionately increased with death rates that are similar to those in men without diabetes (6, 26) . We found a similar pattern of death from CVD in China with similar CVD death rates in men and women with diabetes and with relatively disproportionate increases in the women. Compared with those with NGT, CVD-related mortality in those with diabetes, adjusted for other cardiovascular risk factors, was 2.7-fold higher in men and 5.9-fold higher in women. Notably, in this study, almost half of the diabetes-associated excess CVD mortality was attributable to stroke, whereas in Western countries, a greater proportion is attributable to heart disease.
Our study also demonstrates that diabetes changes the pattern of underlying causes of death in the population. Among people with NGT, cancer accounted for 40% of all deaths, comparable to the 37% due to CVD. However, in those with NDD, although the cancer death rate was similar to that in NGT, only 14% of the deaths were due to cancer and CVD accounted for 48.5%. This excess of cardiovascular and other causes of premature death represent competing causes for death from cancer. Premature death from CVD in subjects with diabetes reduced the likelihood of subsequent deaths due to cancer, which would have occurred if those with diabetes had survived to older ages. Consistent with our study findings, Chinese people with diabetes in Taiwan also have excess mortality when compared with the general population (9). The main cause of death was CVD, also with half of CVD deaths due to stroke. However, CVD death in the Chinese diabetes population in Taiwan only accounted for 20% of deaths, which is much less than we found in the mainland Chinese, whereas the proportion who died of cancer in Taiwan appears higher than in our study (20 vs . 14% ). In the Chinese population residing in Mauritius, comparing those with diabetes to NGT, the relative risk of mortality was lower than seen in our study (12) . In the Chinese Mauritians, the HR for all-cause mortality was 2.0 in men and 1.6 in women compared with 2.6 in men and 4.1 in women in our study. For CVD mortality, the ratio in Mauritians was 2.0 in men and 1.8 in women compared with 2.7 in men and 5.9 in women in our study. Reasons for the higher relative mortality rates in our study and for the difference by sex are not clear. The higher rates in our study may be the result of longer follow-up than reported in most other studies as death rates increase and the pattern of causes of death vary with age and increasing diabetes duration. It also seems likely that differences in living environments and variations in medical care may lead to different mortality rates and differences in the pattern of underlying causes of death even within the same ethnic group.
A study published in 2010 reported that .1 million excess deaths per year in China are attributable to diabetes, roughly a quarter of the annual number of such deaths worldwide (27) . However, these estimates are based largely on results from small hospital-based studies or on data from Chinese not living in mainland China. Our results, with data from a relatively large, populationbased study, should help provide better and more representative estimates of the excess deaths that are attributable to diabetes in mainland China. Our results show that diabetes is associated with a death rate three times as high 95% CIs calculated using normal approximation from the SAS STDRATE procedure. COPD, chronic obstructive pulmonary disease; n, number of persons or deaths in each group; pyrs, person-years. *Rates in NGT group are standardized directly to the age distribution of the corresponding NDD group using the SAS STDRATE procedure; #number of deaths/1,000 person-years; §deaths from ketoacidosis or hyperosmolar coma; †unknown causes. as in those of similar age without diabetes. Another important finding is the extent to which diabetes resulted in premature mortality. Almost 70% of those with diabetes who died during the study did so below 70 years of age.
The high proportion of people with diabetes who die during the active working and productive period of life has major social and economic implications, especially in view of the high and increasing prevalence of diabetes in mainland China. As excess deaths typically occur some 20 years after the diagnosis of diabetes and as the prevalence of diabetes in China has increased fourfold, from 3% in 1990 to 12% in 2010, we project that the number and proportion of deaths attributable to diabetes will increase considerably during the next 20 years.
Strengths and Limitations of Study
Our study had some notable strengths: 1) it was based on a population-based cohort of Chinese adults with NDD identified by screening a well-defined sample of the Da Qing city population; 2) diabetes was diagnosed according to the 1985 WHO criteria from systematic OGTT testing, thus avoiding many of the potential selection biases seen in hospital and clinic-based studies; 3) participants were of uniform ethnic background and most resided in the same area during the follow-up period; 4) the comparison group had welldocumented NGT; 5) participants received medical care representative of that provided in China and most received treatment from the same medical care system throughout the study; 6) deaths and cause of death were confirmed by review of their medical records in most subjects; 7) participants were followed for up to 23 years, thereby allowing sufficient time for the development of most of the fatal long-term complications of diabetes; and 8) few of the original participants were lost to follow-up, thereby minimizing nonresponse bias. The study also had some important limitations: 1) the NGT group, although having the same age range as the group with NDD, was on average younger and contained fewer women (this disparity, and the group's small size, limits the power of our analysis to detect differences between the groups); 2) participants were not reexamined systematically at defined intervals throughout the follow-up, thereby obviating our ability to adjust for confounding factors that may have changed over time, although both the baseline examination and final follow-up evaluations were systematic; 3) not all deaths were documented by death certificate but the methodology used to determine the vital status of participants has been used successfully in other studies of mortality rates in low-and middle-income countries, and we confirmed deaths and their causes by review of medical records; 4) participants identified as having NDD based on the OGTT results likely developed diabetes some time before the diagnosis, resulting in some underestimation of the true duration of diabetes; 5) 124 people in the NGT group developed diabetes during the followup period and 13 of them died during the study (we did not censor follow-up at time of diabetes diagnosis in these subjects for our main analyses; this may have led to some degree of underestimation of the excess risk of death that we attributed to diabetes); and finally, 6) the death rates we report are necessarily retrospective and may have Fractional person-years rounded to whole numbers. n, number of deaths; pyrs, person-years. *Censored at diagnosis of diabetes in those with NGT. Fractional person-years rounded to whole numbers. n, number of deaths; pyrs, person-years. *Censored at diagnosis of diabetes in those with NGT.
changed due to improvements in medical care or other changing environmental factors.
Conclusion
Our study is the first long-term, population-based cohort study of mortality and causes of death related to diabetes in mainland China. It shows that diabetes was associated with a substantially increased risk of death, especially from CVD, and that in both men and women, almost half of this was due to stroke. Our study can provide more valid estimates of the excess deaths that are attributable to diabetes in mainland China and can be used to predict the future mortality burden due to diabetes for China.
